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IgE-mediated allergic reactions have been postulated to contribute to respiratory reactions seen in
workers exposed to grain dusts. In an attempt better to define the prevalence ofIgE antibodies in workers
exposed to grain dusts, we performed the radioallergosorbent test (RAST) on worker sera using both
commercial allergens prepared from grain and worksite allergens prepared from grain dust samples col-
lected attheworksite. Wefound that the twotypes ofreagents identified different populations withrespect
to the specificity ofIgE antibodies present. TheRASTassay performed using worksite allergens correlated
wellwithskintestprocedures. Theseresults mayallowustogainbetterunderstandingofallergyassociated
with grain dust exposure, and document the utility of the RAST assay in assessment of occupational
allergies.
Introduction
Occupational exposure to organic dusts which may
contain potentially antigenic materials occurs in a wide
variety ofworksites and is often associated with certain
occupational lung diseases (1). Immune responses to
inhaled antigenic material have been thought to con-
tribute directly or indirectly to the pathogenesis of nu-
merous occupational lung diseases but the exact role of
theimmune systemisunclearformostoccupationallung
diseases (2). Allergy, or IgE-mediated hypersensitivi-
ties, areoftensuspected, butcleardefinition ofthe prev-
alence and significance of allergic reactions to occupa-
tionally associated dusts is frequently lacking.
With respect to grain dusts, allergy has frequently
been mentioned as a contributing factor, and past stud-
ies which have examined this question have reported a
wide range of prevalence values up to as high as 50%
ofthe workers studied (3-5). The manner in which the
term "allergy" is defined, the diagnostic criteria used,
the way in which the patient population was selected,
and the technical methods used all greatly influence the
results.
It is the technical aspects of diagnosing allergic dis-
eases thatis the subject ofthis report. Numerous meth-
ods exist that can be used. These range from simple
questionnaires to sophisticated provocation testing us-
ing inhaled antigens (6). In vivo procedures, such as
skin testing and provocation testing, are probably the
most informative with respect to determining who in a
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particular population will react to a given dust, but it
is not always possible to determine the mechanism be-
hind that reaction. Perhaps the biggest problem with
thesetestsisthattheyrequire skilledmedicalpersonnel
to perform and interpret the tests, and in the case of
provocation testing they need to be performed in a clin-
ical setting where conditions of exposure can be care-
fully controlled and emergency medical facilities are
available. If one defines allergy in terms of an IgE-
mediated disease, then in vitro procedures can be used
to detect the presence ofIgE antibodies in the patient's
serum. While such procedures allow one to detect IgE
antibodies, they do not necessarily imply that the IgE
antibodies are responsible forthe lungdisease seen, but
rather that the individual has been exposed to a par-
ticular antigen and may experience an allergic reaction
on re-exposure.
The in vitro technique most frequently utilized today
is the radioallergosorbent test or RAST (7). We have
evaluated the RAST procedure to determine if it can
be applied to detect occupational allergies, and in par-
ticular we have attempted to determine the utility of
using worksite dust samples in this procedure. At
NIOSH we had available a panel of sera collected from
grain port terminal works from the Superior-Duluth
area ofthe United States, and grain dust samples that
had been collected form the same terminals. This study
population had been skin tested by the "prick" method
with common aeroallergens and extracts of airborne
dust (8). Thus we had the opportunity to compare the
RAST assayusingenvironmental samples with the skin
testresults and with RAST results obtained using com-
mercially prepared allergen. Because the RAST assayLEWIS, ROMEO, AND OLENCHOCK
lends itself to screening large populations better than
the invivo methods, wehoped to determine ifusingthe
environmental samples the worksite yield similarinfor-
mation regarding the prevalence ofallergy in this pop-
ulation as did the skin test procedure.
Materials and Methods
Sera Samples
Blood samples were obtained from grain terminal
workers as part of a NIOSH-sponsored cross-sectional
study on health effects of grain dust (8). Serum from
these samples were stored at -800C until assayed.
Dust Samples
Airborne dust samples were collected during the ifil-
ingofstorage bins aspreviously described (9). The dust
samples were stored at 40C until extracts were pre-
pared. An aqueous extract ofthe samples was prepared
by making a 10% (w/v) suspension ofthe dust in sterile
nonpyrogenic water. The suspension was gently mixed
for 1 hr at room temperature, centrifuged at 500g for
15 min, and the supernate recovered. The supernates
were clarified by filtration through a0.45 ,umfilter, and
lyophilized. The resulting residue was weighed and re-
dissolved in sterile nonpyrogenic saline at a concentra-
tion of 25 mg/mL and stored at -80°C until used. Ex-
tracts ofbarley, oats, rye, and springwheat dusts were
used in this study.
RAST Assay
The extracts of grain dusts were used to prepare a
"solid phase allergen" for the RAST assay by reacting
the extracts with cyanogen bromide-activated Se-
phrose-4B (CNBr Seph-4B, Pharmacia Fine Chemicals,
Piscataway, NJ) according to the manufacturer's rec-
ommendations. Briefly, the extracts were adjusted to
a concentration of 5 mg/mL in coupling buffer (0.1 M
borate buffer, pH 8.0, containing 0.5 M NaCl). A 25-
mL portion ofextract was mixed with 15 mL ofCNBr
Seph-4B and gently mixed for 18 hr at 40C. The beads
were washed four times, the unreacted sites on the
CNBrSeph-4B wereblockedbyreactingthebeadswith
1.0 M glycine as above, and following four additional
washes the beads were stored in phosphate-buffered
saline (0.01 M sodium phosphate, 0.1 M NaCl, pH 7.4)
containing 0.2% bovine serum albumin, 0.5% Tween-20
and 0.2% sodium azide at 4°C until used. In order to
estimate the amount ofextract bound bythe beads, the
absorbance at280nmwasrecorded foreachextract and
for the supernates of the wash fluids. The percent of
material bound by the beads was estimated by calcu-
lating the percent ofmaterial absorbing at 280 nm that
wasremovedfromthesampleafterreactingwithbeads.
By this procedure we estimated that the percent of280
nm-absorbingmaterial bound was 74.06% ofthe barley
extract, 32.04% of the oats extract, 72.06% of the rye
extract, and 52.53% ofthe wheat extract.
The RAST assay itself was performed in two ways.
Commercial reagents were purchased from Pharmacia
Diagnostics (Piscataway, NJ), and the RAST assay us-
ing these reagents was performed according to manu-
facturer'srecommendations. Inthecommercialkits, ex-
tracts of the grains are bound to cellulose discs. In
addition we performed the RAST assayusingthe grain
dust extracts bound to cellulose beads, and except for
the need to pellet the beads by centrifugation during
the wash steps, the assay was performed the same as
the commercial assay. Patient sera (100 ,uL) were re-
acted with the beads or discs overnight with gentle
agitation. The samples were washed three times; 125I1
labeled anti-human IgE was added to each tube and the
tubes incubated overnight again. Following three ad-
ditional washes the samples were counted in a gamma
scintillation counter and the percent counts bound cal-
culated. Values greaterthantwice the nonspecific bind-
ing control were considered positive, and for simplicity
serum samples were scored as either positive or neg-
ative. Because the quantity ofallergen bound to either
the beads or disc was unknown and presumably differ-
ent for each sample, we did not attempt to compare the
assays on a more quantitative basis.
Statistical Analysis
Comparisons were made between the results ob-
tained with commercial reagents (disc method) and
those obtained using "homemade" solid-phase reagents
(bead method) by both chi-square and sign test for sig-
nificance.
Results
Initial experiments were conducted to determine op-
timal conditions for performing the RAST assay using
the beads. This was accomplished by initially screening
thirty randomly selected serum samples using 50,L of
a 10% (v/v) suspension ofbeads as the immunosorbent.
Based on these results we selected four serum samples,
two ofwhich were clearly positive and two which were
negative. We used these serato determinethe quantity
of beads required to give optimal resolution between
samples containing orlacking IgE antibodies. Shown in
Figure 1 is an example ofthe type oftitration curve we
obtained. From these data we concluded that 200 ,uL
of a 10% suspension ofbeads is an appropriate volume
to use because positive samples (sera containing IgE
antibodies) could beeasilyidentified, and negative sera
gave low binding levels equal to the nonspecific binding
control.
Using the two types of RAST assays, we tested 175
serum samples for IgE antibodies to eitherthe grain or
grain dust. The results are presented in Tables 1-4.
The results are presented as a series of2 x 2 tables so
that the results can be directly compared. In Table 1
the results obtained with barley and barley dust are
shown. Ofthe 174 samples assayed by both assays, 16
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FIGURE 1. Volume of solid phase reagent (grain dust extract bound
to CNBr-Seph 4B) required for the RAST assay was determined
by reacting different volumes of a 10% suspension of beads with
a constant volume of patient sera (100 ,ul). Shown is the titration
of the spring wheat solid phase reagent: (A,LI ) sera selected
because they showed significant levels of binding in the initial
screening; bottom two lines, nonreactive sera.
were found to have IgE antibodies to the grain dust,
but only 6 to the grain allergen. Of the 6 that reacted
with the grain, 3 reacted with the grain dust and 3 did
not. When one looks at the number of discordant pairs
(+1/- or -1/+) in Table 1, it appears that the two types
of RAST assays were measuring two different IgE spec-
ificities. Statistical analysis by the sign test showed that
Table 1. Comparison of RAST results obtained using
commercial reagents (disc) with environmental reagents (beads)
on extracts prepared from barley dust.
Beads
Disc Positive Negative Total
Positive 3 3 6
Negative 13 155 168
Total 16 158 174
Table 2. Comparison of RAST results obtained using
commercial reagents (disc) with environmental reagents (beads)
on extracts prepared from oats dust.
Beads
Disc Positive Negative Total
Positive 3 4 7
Negative 16 151 167
Total 19 155 174
Table 3. Comparison of RAST results obtained using
commercial reagents (disc) with environmental reagents (beads)
on extracts prepared from rye dust.
Beads
Disc Positive Negative Tatal
Positive 6 6 12
Negative 5 148 153
Total 11 154 165
Table 4. Comparison of RAST results obtained using
commercial reagents (disc) with environmental reagents (beads)
on extracts prepared from wheat dust.
Beads
Disc Positive Negative Total
Positive 4 5 9
Negative 19 147 166
Total 23 152 175
there was a significant level ofdiscordance between the
two types ofassays (p<0.05). Ifone examines the other
three tables in the same manner, there is significant
discordance between the results of the two assays for
each ofthe grain or grain dust pairs.
We compared the results obtained by the RAST pro-
cedures with those obtained by skin testing ofthe same
population of grain workers. The comparisons are
shown in Table 5. The RAST assay using extracts of
environmental samples coupled to cellulose beads re-
vealed a higher prevalence ofpositive reactors than did
thecommercialdiscmethodsforthreeofthefourgrains.
If one compares these results with the skin test data
the "bead" method compared more favorably than the
disc method. For example, by both the bead RAST and
skin testing, wheat had the highest prevalence and rye
the lowest prevalence ofpositive reactors. In addition,
the total prevalence of reactors (i.e., those individuals
reacting with one or more ofthe samples) was not sta-
tistically different between the "bead" RAST and skin
testing but the "disc" RAST and skin testing were sig-
nificantly different (p<0.025). We had only summary
data available from the earlier study so we could not
make a direct comparison on a subject by subject basis
between the "bead" RAST and skin test results.
Discussion
The purpose ofthe present study was twofold. First,
we wanted to determine if extracts of environmental
samples could be used to prepare RAST reagents that
could be used to define the prevalence ofIgE antibodies
to environmental allergens in particular worker popu-
lations. In addition, we hoped to determine ifthe RAST
assay performed using the environmental reagents of-
fered any advantage over RAST assays using commer-
ciallyavailable reagents. The results obtained indicated
that the RAST assay can be easily modified to use en-
Table 5. Comparison of the prevalence of allergy in grain
handlers as determined by RAST or skin test assays.
Skin
Dust sample Disca Beadsa testingab
Barley 3.45 9.20 8.9
Oats 4.02 10.92 5.9
Rye 7.27 6.67 5.6
Wheat 5.14 13.14 9.5
Rx with one or more 9.71 19.43 26.6
aFor RAST, n = 175; for skin testing, n = 305.
bData from Rankin (8).
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vironmental samples as the source allergen. The finding
that the modified RAST detected IgE antibodies in a
greater percentage of the exposed worker, and that
these results correlated withthe skin testresultsbetter
than the commercial kit is not surprising. The environ-
mental samples would be expected to have more ofthe
relevant allergens. However, when attempting to use
environmental samples, several points need to be con-
sidered before one can conclude that an assay like the
RAST is acceptable. Because the chemical nature ofthe
suspect allergen is unknown, it is necessary to deter-
mine if the allergen can be bound to the solid phase
particles (cellulose beads). In the present study we
knew from the earlier work that the allergens were
contained in the aqueous extracts ofthe dusts. We did
not attempt to chemically characterize the allergens
present, but assumed that since theywere derived from
organic material they would contain reactive groups
that would allow them to be bound by the CNBr-
Seph4B. That material absorbing light at 280 nm was
adsorbed by the beads supports this assumption. To
prove that the relevant allergens were bound to the
beads would require testing extracts' supernates after
reacting with the CNBr-Seph4B in a skin test assay to
insure that all of the allergens were removed. We did
not have the opportunity to do this. However, because
we were able to identify a significant number ofpositive
reactors at least some if not all of the allergens were
bound to the cellulose beads. Another important con-
sideration in performing the RAST assay using the
beads is to determine an optimal volume of beads to
use. If the volume of beads is too low, then IgG anti-
bodies which may be present in the sera can compete
with the IgE antibodies and thus reduce the apparent
amount ofIgE bound by the beads (10). Conversely, as
the volume ofbeads is increased, then the level ofnon-
specific binding also increases and this can reduce the
sensitivity of the assay. Therefore, it is necessary to
carry out preliminary experiments to insure that the
relative concentrations ofthe reactants is appropriated
so that meaningful results will be obtained.
Perhaps the most difficult aspect of developing a
RAST assay for environmental and occupational aller-
gens is the lack of standardized positive controls to in-
sure that the assay works. In the present study we
simply screened a number of the serum samples until
we identified two which gave strong positive reactions,
andusedthose seratothen standardize the assay. How-
ever, because we had no reference sera, we did not
attempt to rank the positive reactors on a 1+ to 4+
scale as is done in the commercial RAST assay. Rather,
we chose simply to identify the sera as positive or neg-
ative, using a value of twice the nonspecific binding
control as the cutoff point between positive and nega-
tive. Otherinvestigators have used this as the criterion
to identify positive reactors in the RAST assay (11). In
addition, we examined the frequency distribution ofthe
data and found thatthe percent counts bound values for
the sera we identified as negative clustered and were
normallydistributed around thenonspecificbindingval-
ues. The twice negative control value was greater than
two standard deviations away from the mean of the
negative values, indicating that our positive reactors
were a distinct subpopulation. Thus we feel confident
thatthe RAST as we performeditwasidentifyingthose
serawhich contained significantlevels ofIgE antibodies
to the grain dust allergens. Because of all the con-
straints mentioned above, we would be most likely to
be underestimating the actual prevalence of these an-
tibodies.
The value of doing the RAST assay with extracts of
dust samples obtained from the local environment is
demonstrated in Table 5. Although there was not com-
plete agreement between the results obtained with the
bead RAST and the skin test procedure, these assays
agreedbetterthanthe commercial RAST(disc)didwith
either method. The skin testingwas done with extracts
prepared from dust samples collected at the work site,
but these were not the same samples ofdust or extracts
we used in the RAST assay. One would expect that
there would be a greater probability ofthe same aller-
gens occurring in the extracts used for skin testing and
the ones we prepared than in the commercial prepa-
rations. Presumably the commercial preparations were
madefromthewhole grainandnotjustthe dustfraction
of the grain. This study demonstrates that using envi-
ronmental samples as a source ofallergen forthe RAST
assay allows one to obtain prevalence data comparable
to what one would obtain by skin testing. When pos-
sible, skin testing is still the preferable method for ob-
taining information about the prevalence ofallergy in a
defined population (12). However, skin testing does re-
quire trained medical personnel to prepare extracts,
administerthe test, and interprettheresults, and there
is some risk, albeit small, that adverse reactions may
occur that require immediate medical attention. Partic-
ularly in the work site environment, facilities may not
be available for skin testing. If blood samples can be
obtained then the RAST assay can be used as an alter-
native to skin testing. Although not part ofthe present
study, the major advantage ofthe RAST assay may lie
in the use of the assay to monitor the isolation and
identification of allergen in defined environments
(13,14).
In conclusion, the results of this study demonstrate
that aqueous extracts of grain dusts can be used as a
source material for the RAST assay. Using this assay
we found that the prevalence ofIgE antibodies to grain
dust antigens was significantly higher than the preva-
lence of IgE antibodies to grain antigens, and that the
prevalence ofIgE antibodies to grain dust antigens cor-
related well with skin test results. The presence ofIgE
antibodies to occupationally associated antigens sug-
gests that these workers may be at a greater risk of
developingrespiratory problems, but it is unclear ifthe
presence ofsuchantibodies contribute tothe pulmonary
diseases associated with grain dust.
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